The implications of a manifestly covariant formulation of relativistic quantum mechanics depending on a scalar evolution parameter, canonically conjugated to the variable mass, is still an unsettled issue. In this work we find the harmonic oscillator solution in the above mentioned formulation, and we briefly comment on some models where this solution could be applied.
In a fine set of papers, Dirac introduced the idea of elevating the time coordinate x 0 to the rank of operator [1] . The proper time formalism introduces an absolute evolution parameter (related to the proper time in the classical limit), which parametrizes the dynamics of the quantum system [2] . The basic idea of these works, which have probably fallen into oblivion because Dirac himself did not insist on it in his celebrated paper of 1928 [3] , shortly returned to view with Feynman and Stückelberg antiparticles interpretation as particles moving backward in time [4, 5] . Since then, various works have appeared in the literature [6] [7] [8] [9] [10] [11] , but the precise interpretation of the additional parameter, posses a puzzle to physics which is still unresolved. We shall adopt here, the Collins and Fanchi (CF) formalism [8] .
In this scenario, we work out the harmonic oscillator solution of the Klein-Gordon (KG) equation.
We hope that this generalized quantum relativistic mechanics for spinless particles could be applied to current problems in contemporary physics, such as the production of charmed mesons in the frame of Color Transparency [12] and a bound systems of two dyons [13] .
Quantum mechanical features of Color Transparency have been studied considering the non-relativistic evolution of a cc pair produced, as a small wave packet, inside the nucleus.
The interaction between the pair of quarks has been modeled by using a harmonic oscillator hamiltonian [12] . Since relativistic effects are important in this phenomenon, we think it is interesting to apply the scalar time parametrization of the Klein-Gordon oscillator to the non-relativistic model. A similar treatment could be applied to the case of bound system of two dyons which has been studied in [13] with a non-relativistic quantum isotropic oscillator.
Let us briefly sum up the characteristic of the formalism. The square of the amplitude of the wave function Ψ must be interpreted as the probability of an event corresponding
to the position of a particle at a particular time. It is worthwhile to point out that the latter interpretation differs from the usual one due to that there is a probability distribution associated with time. Therefore, for each t there is a probability that a particle may or may not be found somewhere in space. This seems to be reasonable, since particles such as mesons have finite lifetimes. Then, the mean value of the position operatorx, can be written as
where ρ is a distribution on the spacetime manifold satisfying the two following conditions:
with integration understood in the Lebesgue sense, over the entire spacetime manifold.
Taking this into account, the on-shell condition must be understood as the expectation value of the p µ p µ operator. As shown by CF, the aforementioned operator is proportional to ∂/∂τ , and the light-cone constraint identifies τ with the classical proper time [8] . Thereby, the free particle equation, in natural units, is given by
here H = p µ p µ andm is defined as the classical limit of the p µ p µ expectation value.
Our purpose is to work out the relativistic spinless harmonic oscillator in the frame of the formalism we have commented. The hamiltonian for the relativistic harmonic oscillator was studied by Moshinsky and Szczepaniak [14] . They proposed a new type of interaction in the Dirac equation, linear in coordinates and momentum. The corresponding equation has been named "Dirac Oscillator" because in the non-relativistic limit the harmonic oscillator has been obtained. This kind of interaction was introduced in the Klein-Gordon equation [15, 16] . To get a closed form for the extended relativistic harmonic oscillator hamiltonian, we present first the Klein-Gordon oscillator developed in the Bruce [15] formalism together with the Sakata-Taketani approach [17] . The latter selection determines the following KG equation
Now, we want to work out this equation in the frame of the scalar time parametrization taking into account the above definition of the p µ p µ operator and considering a probability distribution asociated with time. To solve this equation we shall consider the wave function Ψ(x µ , τ ) as an element of the space of exponentially increasing distributions Λ ∞ [18] . The
Fourier transform space in the variable τ , is defined as a tempered ultradistribution U [18] [19] [20] . We can define (i 2m ∂ ∂τ ) 1/2 operating over a Λ ∞ distribution as follows [21] :
wheref
With all these requirements eq. (3), takes the form:
Thus, taking into account the Fourier transform, equation (6) could be written as follows :
where Γ is the usual path which surrounds all the singularities ofΨ c placed on a 2 K wide band that encircles the real axis. The path Γ runs from −∞ to ∞ along Im(z) > K and from ∞ to −∞ along Im(z) < −K. Defining the operator
equation (7) reads,
where a(x µ , α) is an entire analytical function in the variable α. Thus,
withf c a general solution of the homogeneus system,
equal to zero; with this condition we ensure that for a fixed α > 0 we obtain the same energy spectrum as in the usual KG formalism. Therefore we obtain,
On the real axis this expression takes the form,
If we impose tof c to satisfy the equality
equation (13) reads,
Next, we define as in ref. [19, 18] 
Bearing this in mind, our system can be reduced to
which is solved using the standard procedure of quantum mechanics. Thus, introducinĝ f = e − i E t ϕ, eq. (17) becomes
The eingenfunctions that satisfy the last equation are:
where H N i i = 1, 2, 3 are Hermite polynomials and E satisfies,
with N i ∈ N (natural numbers) (i = 1, 2, 3).
Finally we obtain forΨ
with A α N 1 N 2 N 3 the normalization constant given by
We now turn to the calculation of Ψ in the case α < 0. The equation (18) is now
This equation has the following eight independent solutions:
withΦ
where Φ(α, β, s) are the degenerate hypergeometric functions [22] and E
are real numbers. Thus we obtain forΨ the expression:
with
This functions can be normalized to
Finally the general solution is given by particles. On the contrary to the usual quantum field theory, solutions with α < 0 are wellbehaved in the sense that they are oscillating ( as for a normal bradyonic particle), instead of exponentially increasing.
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